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A 500-VOl T MEGOHM BRIOGE 

eTHE TYPE 54 4 · 8 MEGOHM BRIDGE "ilh a 90·\'011 power 
Slip pi ) operated ei ther from the 6O-eydc sup ply or from batteries \\lIS 

introduced tess than l" o }curs ago· a lld has been II ide!} uSNI (or the 
measurement of insulnlion resis tance. Thi s bridge uses a I'Rc uum-tubc 
voltme ter as a de tec tor of halance . whic h pe rmits the measurement of 
rcsiSlanees much higher than the limit of a fc" megohms impo5e(1 b) 
the 10\1 resistance of a \\all gah-8nolJlt' lt'f. While the bridge is dCEigned 
so that 500 vohs 1118) be 81)
plied 10 it. this hi gher "0Il age 
has seldom beell used because 
of the bulkiness of the neces· 
sary batteries. The Tvl'l': 
54-I· P3 500·\'011 PO"'cr Sup· 
pl y now available all0\18 t he 
full possibilities o f the brid ge 
to be rea lized , 

VOLTAGE COEFFICIENT 
OF RESISTANCE 

The necd for the highe r 
\oJtage on the bridge comes 
not from alack of se nsitivity_ 
bllt from the fact thllt in-

FIGLKII I. Th" T'I 'K 5 1t -1J Megohm Uritlge 
with cover rcmu,·W to ahow the T\-" K 544- 1'3 

P OW"T Supply. 
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1000 

t' n:l HK 2. Scht' II1 .. li~ .,ire" il diu/:fll ", of Ih., 
T\I'I! 511· 1\ \I,·~t,)h ", Hridg.-, 

huge "0Il age (.'OC Oil'je ll!. It is nu l 
a l a ll 1II1II8nll i fo r th is resisla u('f' to 
11f' l'fCaSC b) II fll ct,)r o f Iwo o r ,'n' n 

t hree whe n tile ,oll age is increu,,;cd fro m 
100 to 500 \Olls. The magnitude of this 
change in rt' ~ i 8 t ancc \arics wi lh the typc 
o f in !lulat ion (lnd al80 "j1h h:mpcnllurc, 
humidi!). 111111 t illlc. :\0 "ingle Illul. i pl ~ . 
illg fac tor c'l:ists b~ ,.!. iell resis ta nce at 
OIiC vohu gc cun be ,'oll\'erl c.1 to n::· 
sis' a nce a t some olher voltage. Lt is. 
there fore, desirable Iha l all insul a tion 
rCI' is llInL'(l measurement be 1I11111c at 
t he same \ olt agc to faci lita te tlw int er · 
('olll l'arisoll of result"., \ \ a lue o f 500 
\olt s has Uef'1I n idel) IId o p lCl 1 118 sund 
ar/I. 

DIELECTRIC ABSORPTION 

It has 10ll g bee n rccogni zell thaL the 
a ppa ren t insula tion refl ist a ncf' o f un clcc· 

tric machine or cubic rllpiJly increases 
a fter the a ppliclltioll o f \Toltllge. III spite ~ 
of this fact it bccurne s tall (llInl practice 
to luke tilt! vuluc of reEistullcl; li t the eml 
of oile minut e IIUlI to disregard the 
further incrclI S('. While Ihis me thod is 
reasonabl y snli ;:; fa clory for the I}t)()rer 
Iypes of insulalio n, il fnil s clltircl) for 
the lIcfler grades. pa rticularl)" those Iha l 
lire la minated . likc the p" stcli micu lIsed 
ill hi gh. vulta g.· gC llenliors. The lime 
lI ,.c,le<l to allain cfluilibrium is mellsured 
in ho ur,. lind e \'('n da ys. 

This phcnolllt.! IIoil IllIs I./Cen refe rrcd 
10 a8 llicic(' tric a bsorptio n or volume 
charg,.. \n eX lrtl eharge o f elec lricit}, 
uther than Ihllt ussocinlcd ,, ;111 the 
noruml ca l'acillLn.-e of the insulation, 
a ppears 10 IX' s lore(1 IhrougllOut Ihe 
\'o lul1l1' of thc III lI leria!' This is 110 \\ 

be llcr fl cscribed as in terfaci al polariza . 
lio n." A build ing up of charge occurs 
a t e \cr) in tcr fllce betwee n the flifTcreut ~ 
Illnt erial" o f a het erogeneolls insulalion. 
While Ihe effect is most pronounced in 
a la minar structure, il a lso occurs iu 
ma tcriuls "hose t:ompon~ lIt part !! are 
finel ) di \' idc ~l lind thor(.u ghly mixed . 
The ;;Hl81lcst pa rt icles are slill mo lecular 
aggregatrs 1\ hid~ preS(' 1l1 int erful'cs to 
each ollu' r. The total c harge store.l 
t hrongho lll the \ ohmiC of I he dielectric 
ilia), lit: lU a n ~ times 111111 o f the con-

F ~ G~ 1If. 3. Plo t "r ifl~ " I Pli .. u re.-i"lnllc" \' ~. Lim~ for a 23.750 10 H J;e n cra ~ .. r 
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TIME - MINUTES 

FIO .• LII ~ I. !'lou tof il\~ula !i')11 ' ''''',; Iance rOt" 
(,," r g .. ucrll\ors IIl"in~ Il ll' .'"11(' ' }lloC of in$U_ 
hu iun, ",,' .li fTering in ~(lIt "b'" liS", 8 11.1 1,10 ,-$" 

cal ~'Un dj liu". 

~1l'n l<C r for llled b) the ex lernal elcc-
trodell, and the lurge r p1l1'1 of this e1mrgc 
CIHI he rC(."(I\cr ed 011 discharge. 

Lndcr thesc comli liolls the apl'urell \ 
res i!1ol.ulIl:c for aile ... inu le electrification 

bears 110 relat ion 10 Iruc inilula tion re · 
,. is lallc!', hut mere!) rnellsurf'S the c ur
ren t due to volume dHU"gC nl IIl1lt 
in t; t llll t. The value "f the true insulation 
rcsistulI(.'c c'a n be e51 illluicil h) obsen in t;: 

the resis ta nce a t illnca;:.ing lime inter
vals and plotting: lhe ob..cncd llala. The 
slolW' of I IH~ resis ta nce·lime plot a l ;;ollie 
convenie nt lillie in lcnul is aliW of L"tl l\ · 
Bi dc ruhll' significllnce. t 

INSULATION RESISTANCE 
Of ELECTRICAl MACHINES 

\ plOI s.ho .... ing thc .... a} Ihe apparent 
ill .. ulul ioll re!'\ ista liCC of a 23,750 k"a 
ge llcnll or \aries \\ill, lillie is. sho"ll~i l' 

r Fi gure 3 .• \ reaSOllahl(' eSlinwle of ils 

tH ...... ;'-OD •• " . ~ I ~ ... l.o,ioo. n .... " •• _ <If ,\m •• ", .. 
"' ,,,d;"I"~ ~i«J &,j __ j~" J"...,. '9J I. 

3 EXPERIMENTER 

true in sululion resistance is 900 MO . 
.... hile Ihe one· minul e rea Jin g is ( 111) 
110 \In. Similar cun es for II gruup of 
gcncrill ors V<lr} ing II idd), in age a nd 
1)OIIer rUling arc gi,'cu in Figure ·1. \I . 
Ihough Ille insula lion is Ihe sa me for all 
o f Ihese machinei'. il s ph}sical ... ·(lII tlilioll 
aIHI moist ure conl elll aL Ihe lillie of 
lI1eallllre lllcnt differed 11 iJe!} . TIII ~ 6101"'6 
of these curvcs lit the e nd of one minute 
art.' pro lwbl) equul i ll illlporl ll llcc to the 
lIellial ,al lies of rt';; is t ll lh:C at Illal lime . 

Trllllsformcr ill!lulalion al30 ha s eon· 
8it ieraLIe Iliel('<:1 ric IIl,sorl'lioll . Thccurl .
for U S.kll , 6900·\ oh Irans former is 
shu .... n in Fi gure 5· n . 

C llrvcs A lind C ill Figure 5 arc for I" 0 
rubhe r ·i nsulated l'lIhlcs. These CUrlNI 

ill us trate the differcnt·c that ca n occur 
in eable8 designed for djffcrent applica. 
liOIl;;. Appare ntl ) the corona-rcsi;;lanl 
design of Ihe cll hl~' of cun'e C result s in 
II lo\\er ill ;;ulllli,)I1 resistuut.:e a mi u cor· 
r\!8lMJndingl) lo"\!r dielectric uhw rp. 
lion . In sp il t! of tI.e la rge diffcrCII l'C in 
insulalion resi .. lance for thciO(' lilt) 

ca bles" the one ·minule readings arc \ cr) 
.warl} c(lua l. 

Flr:I1I1K 5. I'lou ,.f i n ~ul" ti<)n reIli~ t "'H' " fo~ 

11 t~B ,, ~ rOrm .. r ," ,,1 t ... n c~ "l c~. A ill 0 t5()(). 
f" .. t. 600·, vlt. rnlj l l"r ' ;"~ lIlat <-'{ 1 c .. llk. /J ;~ a 
51,; " . 6900-.01t trnn,for",cr. C;JiI" 7.1,;;10",,11. 
.,.I ,bcr i ll ~lIl ah',1 (,IIIlIt', 1010 feet Ivng. Th;~ 

ca hle i, ,j c~ ;gllc.1 10 he ozol1c.rc.!;, Iant. 

, 
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l~=====~~=~=====~~~=~~=~===:::::OH£CroR SUPPLY ,,, .. '" J 

f'H:lltl!: 6. Sch",m.li" cirell il diagrll'" or Ih~ TVI'I!: 511-1'3 P .... u SUI'I,I~. 

RESISTANCE RANGE 

Ilc!isLUlIl'e Ineasurcmcn t s "il h the 
T,'p!,: 51 ~·IJ \1 egolun Ilridge can he car
ried lip 100 10.000 l\l n II illt nQ los8 in 
sens;1 iv it) .of sett ing. Over Ihe nex t dec
ade 100 IOO,OOO \H! the sca le reading is 
crov.dc(l, whi t ... Ii reS;S\ lIllce .of 1.000,000 
\In can jusl be di" I ; n ~ .... uishcd (rGIIl lin 
infinite resistance. 

SOO-VOLT POWER S UPPLY 

The most important rcquireme lll .of 
an a.e I>o"cr supply fQr a megQhm 
bridge is II Ult it maintain II t"O llsla nl ~I-c 

vol tage oUlpu t in Ilw fm.:c .of the slII lI lI 
rapid iJllcll1ul;ons "hieh occur in li lly 

lillc voOlI8gc. Wbile t he balance of a 
d.e bridge is independent of a pplied 
\ oltage if I he unkno" n resistance is non
react ivc, 'he existence of II jJllntlle l Cit pltC

itam::e imllle(lia le l) mukcs appu rcnt the 

Speeificlt tions for Ihe TYPE 5 14·Jj 
~ 1 cgnhm nrid ge and T\'I'~: 51 1-P3 Po" cr 
Stipp] ) are giH:u on Ihe flexi page. For 
thc (."1) fI\'cnicll (.'C of lI6Crs or Ihe megohm 

dJllnges in bridge voltllgc l)Cca lise of the 
resu lting changes in chllrgin g: CllrN'llt. 
The resulting kicks in the galvanolllclN 
tlefleClion lire larger l he grea ter Ihe 
parallel capacitance ami the illsulation 
resist ance. 

Bol h lhe po " er snppl) to the bridge 
and to the (Ie lector t ithe arc stabili7.ct! 
by series Iriodes whose "ar) iug grid bias 
is rcferrcli to a eouSlant ' olLage obt:tincd 
from:t sll1 a llneoll til Le. A diugrammft t i,' 
repreS(' lIt Bt ion of the circui ts is sllo'\ll 
in FiguTe 6. The filament su ppl y of the 
detector tu be is a lso lSIahilizcd h} lin 

iron-\\ire-t)pc ballast tube . ~ l ea li S ure 
provided 0 11 the smull pnncl a l the lOp 

of the po\\cr supply for obtai uill!:" 
ei t her Joo " or 500 \ for Ihe britlgt·. 
I\ny intermed ia te voha,ge va lues c.an be 
obta ined by adjus tmen t of OI1C of Ihe rt'
sistors lIIounled on Ihi s panel. 

- HOIH:nT F. r I ELI) 

bridge \\ 110 lIlay "ish 10 replace cx ist in1:! 
90·volt l)O\\ t·r supplics "ilh the 5oo·\'oit 
unit. Ihc 'j'YI'E 5·I-I-P3 Po\\cr Stlppl) is 
a lso listed scparalcl). 
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5 EXPERIMENTER 

SPECIFICAT ION S 

R a hi e: O. t megohm 10 10,000 mcgohm~. cov
ered by H 11;"111,,,1 II 5'pO>!; l ioll ",ultiplie r switcll. 
A retli6ta ll t:c of J .000.000 "".:;011111 $ e .. n I.e ue
u-cll-d. 

ACCUfUY: 
R,· .• isltIIl{V' F:rrur 

.1 Mil-- 100 ~1fI ± 37c 
100 \III~ lOllO \HI ± 6 f ~ 

1000 \111-10.000 i\HI ± 10',(, 
III..-.vc 10.000 mcgol"n~_ the t! rror i~ C'I!~" "linll)" 

Ihal ';' ;111 which the tellll' On the 'I KG!IIrll~ dial 
call I ... relit!. 

T 8 r min J Is: T he I crmil\al~ for connecting 11ll' 
IIol;no",'n resii<lor ;ncluJ" cfl""~'Cl ion" for gnarrl 
ciCCl l"O<k'!! !I() that either ''''(1_ or I hr',<)·lcrminpl 

re.tl;uol"i! ellll 10(' 11I""al1"·'1. 

ConlrDls: Megohnli .Ii.il. "ith 1III1hi[llier: 
'ter" IIdju~l lII e lll ; C U I!;CK·OP"U AT"·CJI"UGI!. 

s,,-itch; l'O,,"l:r 1) ,"-01'1' ~wit eh. 

Dctcri!," "" 

Power Supp ly: Th" Twl!. 541·1'3 !'·c jlOWer 

81l1'ply unit 0l'..rlll~ (,Mn n lOS· to 125· ... 011 , 
40. ro 60."y"le a-e Ii,,,", anti sUI'pl ie" ei rl ,er 
500 vulB or 100 ,' oil s to the bri"g". 
Opt/allni Vallace: Tertn;"ul~ 8r" I,rovide<.! 
so thaI the hridge vollllge"an I.e ohtai,,,,d from 
,It, e:Hernnl !!Oure,' if dt.,.it<,,1. Up ".t SOU ,'olts 
eun he "1'1,lied. 
Vacuum Tubes: The '['YI'R 51 1·1'3 Pnwer 
Supply uses 116Kil: " elcelllr, It. 6.\5<; rrctilier, 
II 5U4G . ee titier, and , in tue "ullage rt!gulator;!, 
,,6) 5(;. a 6 .... 6G, 11",1 two CI)·2005 nc"n 11i1li1'S, 
Allruhes lit<' sUl'pl ie<.l. 
M au nil n I: Shield .. ,1 uak .. abiuer. 
Dimensions : Ca binet with eo,' cr clOiIt....r. 
(width) 8..\1 ~ (length) 22 '-2 ~ (Iwight) SI inehcd, 
IIv<'.·"II. 
Net We llhl: With 1. lItrery llOw". titll,,,ly. 
30' .. , I,,,uulls: wi th a·e l'O"cr @"I'I.ly. 251.., 
I'nunds. 

5-1--~~1I 
5 1 l~I';~ 

A·C 0l,erlltetl (500 vul ts) 
500·vo t Power Supply Only 

AGI<~g 

,\GI<.;I!; ~ '· .\C" 

$2:i5.00 
75.00 

PROPERTIES OF SOLID INSULATING MATERiAlS 

• ON THE FOLLOWING TWO 
P AGE S is presented (l t. able of t he 
mecha nic"l and electrical prol)Crties of 
some of lhe 1I10rt· cOll1 mon insulating 
materials. The rueclHlni ca l propt:rties 
gi,'ell arc those which enable the user 10 
determine the suita bilit y o f a materia l 
for a gi l-e ll applicatioll. The electrical 
properties listed nrc those which arc 
IIIOSt important at t he frequencies uscr! 
in electrical commu nica t ion, namely rli. 
electric constant and po\\er factor . 

1\l any of the plastics listcd are lII all
ufar;ltI red urrdr;r n \'a ric ty of trnde 
namcs. DilTerent produr;ls of the sa me 
general type wil l oftelJ differ widely in 
sollie charact eristics, such as t.ensile 

s trength, soft e ning ]>oill t_ cit:. For these 
materials, an alte rn pt has oc-en made 
to lisl represelltatil'e va lues, or, \, her · 
ever possible, a range of val ues. 

These data have loeCI1 compi led at 
General Radio over a pcrio<l of several 
),cars. 'flU')' are taken frOIll II nUliluer of 
sources, induding scientific publications, 
hamlbooks and I1lUl1ufllclurcrs· litera
ture. 1n spi lc of Ihis. t here ar,! a n IlUl ~'r 

of blank spaces in t he table. lind there 
arc undoubtedly some inllc,· urat.: ies. We 
hOI.M! that E.rperimr'lli{,I" rCII(lers who 
havc more recent data than are sho'H1 
here Ivill semi liS addi tiOlls and correc· 
lions which wi ll ennble us to cOlilplel1" 
thc t,lIble, 
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6 PROPERTIES OF SOLID 

Tenslle COmplts· 

Cotllicle) St'lllIlh sru 
Strfllllll 

of LinUf IHut Con-Speclnc Us. pel l bs. ~er SoHeRS .... Silecillc Expansion dudi'tity 
Gruity $CIunl squire II ~C . al oC. Hut 

I .. I~h 
Parts In q.s. 

(MulUply (Multiply 106per oC. 
by 103) by 103) 

- - - -----
1 I 250 180 ,1-1 

--i"""33 ---- -----
7 177 165 80 -- ----- ------

1 3 3 " 70 6- 5 n .000:; ' ,----'--
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I 3 10 25 130 % 25 00 11 
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Dleltdrlc _ 
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GENERAL RADIO 8 

MISCElLANY 
.THROUGH AN OVERSIGHT, .TWO TECHNICAl SOC IETIES 
Figure 1 was omitted from the ar1ide 
entitle,\ "Check ing Ant enna Power \Iilh 
the TYI'E 726·1\ Vacu um -Tube Voh· 
meier," which appeared in the ~ I ay 

issue. This dra" iug is reproduced here
Ilith, and the editur apologizes to both 
the author and the readers. 

F1CUKE I. Circuit for checkiug the acclI'''cy 
of an an tenna ammeter .... it h the TYPE 726-A 
Vllcuum-Tube Voltmeter. Thc Iran~mitter OUI

pnt should be reduced .... hen making this chLock 
in order to avoid burnillg 0111 the '''nmctcr. 
Scl'e ral ea1ibr:ltioll poinU can be checked by 
aJj,,~ t ing the transmillcr OllqlU t to give 

different amllwler readings_ 

arc holding conven tions in San Fran

cisco this month. The Nat ional Conven

tion of the Institute of Raflio Engineers 

\Iill be held .lillie 27 to 30 at the Mark 

lI opkins lI otd. ami the combined 

Pacific Coasl ami Slimmer Convention 

of the f\mericun In st it ut e of Electrical 

Engineers \\ill be h(' ld at the lI otel 

Fairmont. Ju ne 26 \0 30. 

General Radio Company .... ill huvc a 

displny of apparatus at the i\ lark lI op. 

kins lI otel. in a room alljaccn t to the 

Ln .E. COIlYcllIion hall. \ 'Iany of Ihe 

new instruments will be 011 displa y. and 

e llgineers wi ll be on Iialld to ansv.-cr 

(IUCSlions . 

• RECENT V I SilO R S to the Gen 

eral Hadio labora tories incl ude: J. K. 
Laakso of the faculty of T amperc Iloty_ 

t,echnic Institute, Finlanrl; Cecil E. 
Brigham, Technical Director of Kol stcr

Brandes. Ltl!., London ; and ~Iajor 

Edwin II . Armstrong. 

THE C~mernl Rndio EX/'Im/MENTEI< is m.ailed Ici,t/IOU.t cI/lIrgc cudl 
If),oll'.h '.f) eng ;IIeers, scienl.is ls. I.cc.hnicilllls, (Jlul o'.llers ill' eres ',cd in 

commllll;cu'.ioll -jrell'u:ncy 1IICf.ISUrcmcnt (Hid COtll.rol problem s. JP h c lI 
sending requcsts for subscript.iolls (Ind addrcss- cllallge IIotices. plen sc 
suppLy tile jollowing injorlll(lt.ioft: 1I01ll e. COlllpllfl.J nOll/ e, co mpulIY (ld
dress, tJpe of busir/Css compulIJ is e uguged in, all,t/ t.itle or posit.iorl oj 
imlivit/uai. 

GENERAL RADIO COMPANY 
30 STATE STREET CAMBRIOGE A, MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 
90 WEST STREET, NEW YORK CITY 

1000 NORTH SEWARO STREET, lO S ANGElES , CAliFORNIA 
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